Fifty-three laboratories (including author's) from Canada, India, Israel, and the United States partici pated in a collaborative study for the measurement of pH of different types of soils. A method with 2 al ternative procedures was used for pH measure ments of mineral soils (alternative I for soils containing less than 17x organic carbon and alter native II for soils with variable salt content), a sec ond method was used for saline-sodic soils, and a third method was used for organic soils (soils con taining at least 17x organic carbon). The pH was measured potentiometrically. The methods were se lected by the Soil Science Society of America, S889 Committee on Coordination of Official Methods of Soil Analysis. Each laboratory used all 4 proce dures to analyze 10 blind duplicate samples per procedure. The repeatability relative standard de viation values (RSDr) were 1.45-7.80% for mineral soils tested by the alternative I, 0.95-6.91 % for min erai soils tested by the alternative II, 0.74-7.09% for saline-sodic soils, and 0.73-4.66% for organic soils. The corresponding reproducibility relative standard deviation (RSDR) values were 2.67-10.75%,2.03-7.54%,2.45-9.93%, and 2.15-6.32%. Repeatability and reproducibility data indicated that the resuHs are within acceptable levels. The 3 meth ods for pH measurements of mineral, saline-sodic, and organic soils were adopted first action by AOAC INTERNATIONAL.
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Submitted for publication July 12, 1994. The pH of mineral soils is normally determined in a 1: 1 soil-to-water mixture (1) . Schofield and Taylor (2) suggested the use of CaCl2 solution for mineral soils to minimize interfer ences from suspension effects (due to particles suspended in the soil-solution mixture) and variable salt content. The recom mendations for management of saline-sodic soils are related to pH values obtained with the saturated paste method (3, 4) . The results by the saturated paste methods were obtained during over 30 years' work by the U.S. Department of Agriculture Sa linity Laboratory and other research laboratories. For organic soils, a 1:4 soil-to-water mixture is recommended (5) .
Collaborative Study
Fifty-three laboratories from Canada, India, Israel, and the United States participated in this collaborative study. To make the methods as widely applicable as possible, a broad range of soils differing in pH, texture, organic matter, and other proper ties, was selected. Descriptions of soils used in the study are presented in the Appendix.
Copies of the protocol including methods and data sheets were sent to the participants in September 1992. Eighty heat sealed plastic bags containing the appropriate amounts of well mixed representative soil samples (20 g for the method used for mineral soils [lOg for each alternative], 50 g for the method for saline-sodic soils, and 5 g for the method used for organic soils)
were mailed to each of the participants by Fred Kaisaki from the National Soil Survey Laboratory, U.S. Department of Ag riculture, Lincoln, NE, on October 1, 1992. The soil samples conformed to all known regulations of the United States concerning biological pest abatement. The soil samples did not require special handling or disposal measures, nor did the participating laboratory need to be licensed or in spected to receive, handle, or dispose of these samples. The "blind duplicate" design was used. A number was assigned to each soil sample as follows: duplicate 1 x 2 in. cards containing numbers from 1 to 20 were placed in a large kraft paper bag and mixed for 1 min by vigorous shaking. The cards were then removed (blind selection) one at a time and samples received the numbers in the order they were removed from the bag. This procedure was repeated for every set of samples prepared for each procedure. Numbers assigned to all samples are presented in Table 1 See Table 994 .16A for method performance data.
A. Principle
Air-dried soil sample is mixed with H20 (1 + 1). pH is measured potentiometrically.
B. Apparatus
(a) pH meter.-Equipped with glass electrodes (indicating and reference), or combination electrode.
(b) Automatic pipet.-Capable of accurately delivering 10 mL.
(c) Stirrer.--Glass rod or portable mechanical stirrer, capa ble of stirring at 1550 rpm. Small stirrer motor mounted on handle with short, slightly bent plastic or glass rod agitator is acceptable.
(d) Glassware.-Paper cups holding 28 g; or glass beakers, 50 mL.
C. Reagents
(a) H20.-Distilled or deionized. (b) Standard buffers.-pH 4.00, 7.00, and 10.00. Use pH 4.00 and 7.00 for acid soils, and pH 7.00 and 10.00 for al kaline soils.
D. Calibration
Calibrate pH meter to appropriate setting using 2 standard buffers, C(b), depending on type of test sample. If reading of second standard buffer is not within 0.05 pH unit after adjust ing to first standard buffer, follow manufacturer's instructions.
E. Preparation of Standard Soils
Use 3 different standard soils (air-dried) of known pH, cov ering pH range of test samples. We igh 10 g air-dried soil into paper cup. (Note: Calibrated volume measurement of soil may be substituted for weighing.) Add 10 mL H20, C(a), to soil with automatic pipet. (Note: For fine-textured soils containing Repeat pH measurements of standard soils just before analysis of test sample.
F. Preparation of Test Sample
Air dry soil at 20° -4Q°C for 1-4 days depending on the rela tive humidity and soil properties. Grind air-dried soil to pass 2 mm sieve and mix well. Prepare soil sample-H20 suspension as in E, beginning "Weigh 10 g air-dried soil into paper cup ... ". 
Repeatability

H. Principle
Salt content in soil influences ionic activity, which aff ects pH value of soil-water suspension. W anions are displaced by cations. Exchangeable AI is displaced, which increases con centration of H+ in solution. pH is decreased by ca 0.5 pH unit if CaCh is used instead of H20.
I. Apparatus
Same as in B.
in 10 L H20. pH of solution should be 5.0--6.5. If required, adjust pH with Ca(OHh or HCl. Specific conductivity should be 2.32 ± 0.08 mS/cm at 25°C.
K. Calibration
Perform as in D.
L. Preparation of Standard Soils
Use 3 different standard soils (air-dried) of known pH, cov ering pH range of test samples. Weigh 10 g air-dried soil into paper cup. (Note: Calibrated volume measurement of soil may be substituted for weighing.) Add 10 mLO.01M CaCI2> J(c), to soil with automatic pipet. (Note: For fine-textured soils con taining high level of organic matter it may be necessary to add additional 10 mLO.01M CaCl2 to make suspension.) Mix thor oughly 5 s with glass rod or mechanical stirrer. Let soil-CaCl2 suspension stand for 30 min. Measure pH of each standard as in G. pH values are acceptable within ± 0.1 pH unit of known values. If pH values fall outside this range, recalibrate instru ment and check pH of standard soils again. Follow manufac turer's instructions for recalibration. Replace electrodes if they cannot be calibrated within acceptable limits.
If pH values of all standard soils are 0.1 pH unit lower or higher than known pH of soil, recheck reference electrode.
Repeat pH measurements just before analysis of test sample.
M. Preparation of Test Sample
Air dry soil at 20° -40°C for 1-4 days, depending on relative humidity and soil properties. Grind air-dried soil to pass 2 mm sieve and mix well. Prepare soil sample-CaCl2 suspension as in L, beginning "Weigh 10 g air-dried soil into paper cup .... "
N. Determination
Proceed as in G. Table 994 .17 for method performance data.
A. Principle H20 is added to air-dried soil until saturated paste is ob tained and then pH is measured. For determination of sodium adsorption ratio, salt analysis is performed on saturation extract from paste.
B. Apparatus
(b) Glassware.-Paper cups holding 25-250 g; or glass beakers, 50-400 mL.
(c) Spatula.
C. Reagents
(a) H20.-Distilled or deionized.
(b) Standard buffers.-pH 4.00, 7.00, and 10.00. Use pH 4.00 and 7.00 for acid soils, and pH 7.00 and 10.00 for alkaline soils. 
E. Preparation of Standard Soils
Use 3 At saturation, soil will slowly flow together after it has been parted by spatula.) Add more H20 if needed to obtain saturated paste. If excess H20 is present, add small amount of soil, stir, and tap container again. Add H20 or soil until proper moisture content is obtained.
Cover container with watch glass and let stand for 1-4 h. After 60 min some high clay soils may require addition of more H20, as interstitial spaces in some clays become saturated with H20. After further saturation let soil paste stand longer. If pH values of all standard soils are >0.1 pH unit lower or higher than known pH of soil, recheck reference electrode.
Repeat pH measurements of standard soils just before analysis of test sample.
F. Preparation of Test Sample
Pass dried soils (at 30°C) through 2 mm sieve and mix well. (Note: Many organic soils become hydrophobic when they are dried and may require longer time to wet.) Weigh 5 g dried soil sample into paper cup. (Note: Calibrated volume measurement of soil may be substituted for weighing.) Add 20 mL H20, C(a), to soil with automatic pipet. Mix thoroughly 5 sec with portable mechanical stirrer. Let soil-H20 suspension stand for 30 min before pH measurements. 
G. Determination
Results and Discussion
The results of analyses were received from 53 collaborators by February 5, 1993 , and are presented in Ta bles 2-5. Results were analyzed using statistics software and worksheets devel oped by the Statistics Committee, AOAC INTERNATIONAL (6--8) . Results of statistical analyses are presented in Ta bles 994.16A-B, 994.17, and 994.18.
All 53 participants provided results obtained by the meth ods for mineral and organic soils, while 51 laboratories pro vided data from the method for saline-sodic soils. In general, the more diluted the soil suspension, the higher pH of the soil.
The alternative I for mineral soils and the method for saline-so dic soils use a mixture of soil and water. In alternative I for mineral soils the amount of water is fIxed (100%). However, for saline-sodic soils the amount of water needed to prepare a saturated paste depends on soil properties such as texture and organic matter. For soils that require 100% water for saturated paste, the pH will be the same as when using alternative I for mineral soils; it will be lower if less water is needed. Halii soil uses less water to make a paste (method for saline-sodic soils) than in the alternative I for mineral soils; therefore, the pH would be lower by 0.2 unit. For Mykka soil, the pH differences are large because this type of soil is a fIne sand and, therefore, much less water is required to prepare a paste.
All valid data were included in the statistical analyses. The tests used for determination of outliers were: (I) Cochran test for removal of laboratories showing signifIcantly greater within-laboratory variability than the other laboratories, and (2) (9) . Therefore, no laborato ries were deleted from statistical analysis. It is interesting to note that one sample (Laurentides) gave the highest RSDr and RSDR values by the methods for mineral and saline-sodic soils; this sample was not analyzed by the method for organic soils.
Collaborators' Comments
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One laboratory reported that readings from the method for organic soils were less stable than from the methods for mineral and saline-sodic soils. When using the saline-sodic soils method, most of the collaborators took readings 1 h after pre paring the saturated paste. One laboratory reported that there was no difference in the readings taken at 1, 1. 5 , or 2 h after the preparation of saturated paste.
There are no potential hazards in handling reagents, sam ples, or buffer solutions. None of the participating laboratories provided any comments regarding the safety aspects of the col laboratively studied methods.
Recommendation
On the basis of the results of this study it is recommended that the methods for measurement of pH of mineral, saline-so dic, and organic soils be adopted ftrst action.
